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VJIK 519.6
B.I1. Kapameuskuii, B.1. SIpkyH

PO3PAXYHOK TPUBUMIPHUX CTAHIOHAPHHUX
HOTEHHIAJIBHUX TEIIJIOBUX IT1OJIIB
METOJOM CKIHYEHHUMX EJIEMEHTIB

HauionaneHwuii licoTeXHIYHUN yHIBepcuTeT Y Kpainu, JIbBiB

AHoTanis. Y cTaTTi ONUCAHO YiTKU alropuT™M (OpMyBaHHS CHCTEMH HENiHIHHUX anreOpaidHHUX PiBHSAHB BUXOIUYH 3 MiHIMYMY (yHKIiO-
HaJa s PO3PaxyHKY PO3MOiIY TeMIIepaTypy B TPHBUMIPHINA 001acTi 3 Oe3ricTepe3sHCHUMH HeMiHIHHIMH aHI30TPOITHIMH CEPEIOBUILIAMH.
ChopMynp0BaHO KpaeBy 3a[ady pO3paxyHKY TPHBUMIPHOTO CTAI[lOHAPHOTO MOTEHIIAIBHOIO TeMIepaTypHoro mois. I1o0ynoBaHo CKiH4IeH-
HO-EJIEMEHTHY MOJICNb PO3PaXyHKY PO3IMOJiTy TEMIIEpaTypy BCEPEIHHI TPUBUMIPHOI 00JIacTi, 3alIOBHEHOT Oe3ricTepe3uCHUMH HENiHiiHU-
MH aHI30TPOIHHMH cepeloBHIIaMy. BuBeaeHi 0CHOBHI (HOpMyiIH METOLY CKiIHUCHHUX €IEMEHTIB [UIs KpAaeBoi 3aa4i pO3paxyHKy TPHBHMIp-
HHUX CTAaI[lOHAPHUX IIOTCHIIAJBHUX TEIUIOBUX IIONIB B OOJACTAX 3 OE3riCTepe3MCHUMHU HENHIHHUMH aHi30TPOITHHMH CepelOBHIIaMU
BUKOPHCTOBYIOUH JIarpamkeBi TeTpaeapu 1 — 4 mopsakiB B SKOCTI CKIHUEHHHX €JIEeMEHTIB, Ta KyOaTypHi ()OpMyJIH YHCEIBHOIO IHTEerpyBaH-
Hi 32 00’€MOM JIarPaH)XEBOTO TETpacapa. 3alpolOHOBAHO aJITOPUTM BH3HAYCHHS BKJIAJy CKIHYCHHOTO €JIEMEHTA y BEKTOp HEB’SI30K Ta
MaTpuIo SIko0i HeTiHIHHOI CHCTEMH PIBHSHB, SIKY PO3B’S3YIOTh MeTooM HEIOTOHAa BUKOPHCTOBYIOUHM €IEMEHTH TeH30pa JudepeHniaabHol
TEIUIONPOBITHOCTI CepenoBHUIIIa. 3aCTOCOBAHO KyOaTypHY (popMyITy YHCEIBHOTO IHTErpyBaHHS 32 00’€MOM JIarPaH)KEBOTO TeTpaezpa Ha 6asi
IHTEPIOJALIHHOTO0 MOBHOTO MOJIHOMY JUIS JIATPa)KeBOTO TeTpaelpa MEepIIOro MmopsaKy. JaHuil airopuT™ HOPHAATHHN HOPH BUKOPHCTAHHI
JIArPAH’)KEBUX CKIHYEHHUX EJIEMEHTIB JPYyroro, TPEThOro Ta YETBEPTOro IOPSAKIB 13 3aCTOCYBAaHHSM BiJNOBIAHHX KyOaTypHHX (opmyi
YHUCENBLHOTO IHTErpyBaHHs 3a 00’€MOM JIarpaH)KeBoOro Terpaeapa. Haseneno GpopMynu [uisi 00UMCICHHS TEH30PiB AU(EpEeHIiaIbHOI TEIIo-
IPOBIAHOCTI TSl HETIHHOTO i30TPOIMHOTO Ta JiHiiHOrO cepenoBuil. Onucani rpanuyHi ymoBu [ipixie (mepmoro poay), Heiimana (aqpyroro
POZY), TPETHOT'O i YETBEPTOrO POAY Ta IX BpaXyBaHHSI.

Kaio4oBi ciioBa: moTeHIiaNbHEe TEIUIOBE IMOJIE, JIATPAHKEBHI TeTpaeap, METOA CKiIHYCHHHX eJEeMEHTIiB, KybarypHa (opmyna, rpaHuyHi
yMoBH, MeToll HptoTOHA.

Abstract. The article describes a clear algorithm for forming a system of nonlinear algebraic equations from the condition of the minimum
of the functional to calculate the temperature distribution inside the three-dimensional domain filled with hysteresis-free nonlinear aniso-
tropic environments. The boundary value problem of calculating the three-dimensional stationary potential temperature field is formulated.
The finite element model for calculating the temperature distribution inside a three-dimensional domain filled with hysteresis-free nonlinear
anisotropic environments is built. Basic formulas of the finite element method for the boundary value problem of calculating three-
dimensional stationary potential thermal fields in domains filled with hysteresis-free nonlinear anisotropic environments with using Lagran-
gian tetrahedrons 1- 4 orders as finite elements and cubature formulas of numerical integration over the volume of the Lagrangian tetrahe-
dron are derived. The algorithm determining the contribution of each finite element to the vector of residuals and matrix Jacobi nonlinear
system of equations solved by Newton’s method using the elements of the tensor of the differential thermal conductivity of the environment
was considered. The cubature formula of numerical integration over the volume of the Lagrangian tetrahedron based on the interpolation
complete polynomial for the Lagrangian finite element of the first order was applied. This algorithm is suitable when using Lagrangian finite
elements of the second, third, and fourth orders with the use of the corresponding cubature formulas for numerical integration over the vol-
ume of the Lagrangian tetrahedron. Formulas for calculating tensors of differential thermal conductivity for non-linear isotropic and linear
environments are given. The boundary conditions of Dirichlet (first kind), Neumann (second kind), third and fourth kind and their considera-
tion are described.

Keywords: potential thermal field, Lagrangian tetrahedron, finite element method, cubature formula, boundary conditions, Newton’s meth-
od.
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Beryn

He 3Bakaroun Ha BeNHMKY KiTBKICTh MyOumikaiiii 3 Mmerony ckindenuux eixementis (MCE), y Hux BimcyTHiit
YiTKUIl anroput™ (HOpPMYBaHHS CHCTEMH HENIHIMHUX anreOpaluHUX PiBHSIHD JUIsS PO3PAXyHKY PO3MOIINTY TeMIie-
parypu B TPHBHMIpPHi#i 00J1acTi 3 0€3riCTepe3HCHUMHU HETIHIHHUME aHI30TPOITHUMHE CEPEOBHUIIIAMH.

3 METOI0 MiJBUINEHHS TOYHOCTI PO3PaxyHKIB aKTyaJIbHUM 3aBJaHHAM 3QJIUIIAETHCS TEX BHKOPHCTAHHSA
narpamkeBux Tetpaeapis 1 — 4 mopsiakis B sikocti ckinuennux enementis (CE) [8].

AKTyaJabHicTh

B xozi nmocmimpkeHHsT Oyin po3risiHYTI PO3B’sI3aHHS JESKUX 337a4 po3paxyHKy TeruioBux npouecis MCE B
pizHuX npuctposx [1 — 6]. [deski 3 nuX 3a1a4 BOJOJIIOTh TEOMETPHYHOIO CUMETPIEI0, IO TO3BOJISIE BHKOPHCTO-
BYBAaTH JUISl IX OITUCY JIBi, @ HE TPH NPOCTOPOBi KoopauHaTH. OHaK B OaraThoX 3ajavax Takoi CUMETpil He Mae,
TOMY HOTpiOHa iX TpUBUMIipHA IIOCTAHOBKA [7].

Otpumano ¢opmynn MCE juis kpaeBoi 3amadi po3paxyHKy TPUBHUMIPHHX CTAlllOHAPHHUX HOTEHIIaJbHUX
TEIUIOBHX IIOJIIB B 00JIACTAX 3 0e3ricTepe3snCHIMH HEJIiHIHUMHU aHi30TPOITHUMHE CEpEeIOBUIIAMHI BHKOPHUCTOBY-
foun narpamkeBi Terpaenpu 1 — 4 mopsakiB B skocti CE, kybaTypHi GOpMyNIH YHCETBHOTO IHTEIPyBaHHS.
PosrnsayTo anroputM Bu3HaueHHsA Bkiamy CE y BekTop HeB’si30k Ta Matpuiro Sko6i HemiHifHOI cucTemu
PiBHSHB, SIKa pO3B’s3yeThcs MeToAOM HproToHa.
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Merta

Mera pobotu mossirac B po3poOJIeHHI METOAMKH PO3paxyHKY TPUBHMIPHUX CTaTHYHHX TEMIIEPaTYPHHUX
nmoniB MCE, sxa © mama MOXJIHBICTH BpaxyBaTH PO3IOLUT TEMIEpaTypH BCEpEeaUHI TPUBUMIPHOI obOacTi, 3a-
TIOBHEHO1 0O€3TiCTepe3snCHIMHU HEeJHIHHIMH aHI30TPOITHUMH CEPEIOBHIIIAMHU.

BuKJ1aa 0CHOBHOrO MaTepiaay
Jlnist kpaeBoi 3a7adi po3paxyHKy CTATUYHOIO MOTEHIIATLHOTO TEIUIOBOTO TIOJIs, sIKa OMUCYETHCSI PiBHSIHHS-

MH
divB(H) =0, 1)
H =—gradU , )
y TpuBuMipHiii o6macti D ¢ynxiionan F npencrasnserscs y surnsai
F= j wadV | ®)
v
E —_— —
ne W = [BdH ; @)
0

U - temneparypa B o6nacti D; H , B — Bexropu HanpyseHOCTi TemIoBOro mojs Ta TyCTUHH TEMIOBOTO

MOTOKY B 00JacTi D: V —06’em o6macti D .
OntumanbHuil po3noxin Temmeparypu U y Mekax TpuBHMipHOi obmacTi D, sika MiHiMizye QyHKIionan F, no3-
BOJISIE BUPIIINATH ITOCTABJICHY KPAEeBY 3a/1ady. Y MoBa MiHIMyMy (yHKIioHaNa (3) mpuiiMae BUTIISA

dF
—=0. (5)
du
Jlns 106YI0BH CKiHUEHHO-€JIEMEHTHOI MOJIeNi 3alOBHAMO 061acTh po3paxyHky D cykymmicTio snarpan-
xeBux Terpaeapis N -ro mopsaaxy [9].

Hexait BHacmigok Tpianrynsuii TpusuMipHoi obmacti D orpumyemo M narpamskesux ckinuennux ene-

MenTiB. Ko)XHOMY 3 HUX NIpUCBOiMO nopsakosuit Homep M (M = 1M ) 1 TOKaNBHY HyMepaIlito By3JiB, 3TiTHO

axoi | -omy By3ay M -ro CE siamosimae Homep mi . s Bciel 06sacTi po3paxyHKY BCTAHOBHMO CITKOBY
(sackpizny) mHymepanito R BHyTpimmix By3nmis i G rpanmunux Bysnis. II0TOUHI 3HAYEHHS MOPSAKOBHX HO-
MepiB BHYTpIIIHIX By3J1iB mo3Haunmo I .

Jlns ckinueHHO-eneMeHTHOI o6macti pynkmionan F 3 ypaxysanmsam (3), (4) naGyne Burnsmy

M M
F=>F, =>W,. (6)
m=1 m=1
e W, = [Wwav; ™

Vm
V,—06’em M -ro CE, sikuil BU3HAYAETHCA 38 KOOPAMHATAME MO0 BEPUIMH y MPSMOKYTHIN CHCTEMI KOOPAMHAT
3a GOpMYII0I0
m Ym  Zm

Xm2 ym2 Zm2
Xm3 ym3 Zm3

Xm4 ym4 Zm4

®)

1
1

v, :ldet
6 |1
1

YTBOpUMO R -MipHuii BEKTOP-pAI0K i BekTop-cToBNens Temnepatypu U y BHyTpimHix By3max
U=, Ug); U.=U,,...,Up). 9)

VmoBa MiHiMymy ¢yHkuionana F 3 Bpaxysannam (5) piBHOCHIbHA HemiHiitHif cucTeMi anreGpaiuHux
PiBHSIHB
I dF
du.
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3actocyemo mist (7) KyOaTypHi (POpMYIIH YHMCETBHOTO IHTErpyBaHHS 32 00°€MOM JIarpaHXeBOro TeTpaeapa
[12]. Hampuknan, auisi JarpamkeBHX TeTpaenpiB mepimoro mopsiaky (N =1), kinbkicTe By3miB y skux [ =4,

OJIEP)KUMO
1 4
I:m =—Vp ZWmi ) 11)
4 T
Hoi
e W, = [BdH; 12)
0
IpencraBumo 3anesxnicts Temneparypu U B Mexxax M -ro CE NoBHMM MOJiHOMOM MEPILIOTO CTENEHS
- e e
U =U_k, k. =kkU,.. (13)
Je
U,=U,....U.,) (14)
— BeKTOp-pAnok 3Hadenb Temneparypu Uy Bysnax M -ro CE;
k=LXY,2) (15)

— KOOPJIUHATHUI BEKTOP-PsAIOK MOTOYHOI TOYKH 3 KoopauHaTtamu X, Y, Z;

1 xml yml Z ml

k .= 1 Xm2 ym2 Zm2 (16)

m
1 Xm3 ym3 Zm3

1 Xna Yma  Zma
— KOOpJIMHATHA MaTPHIIs, PAIKHU AKOI € KOOPAMHATHUMH Bekropamu Burisiay (15) y Bysnax M -ro CE;

—

— Um*, k*, km— BIJITIOBIZTHO BEKTOPU-CTOBIII[ I MaTPHIIs, TPAHCIIOHOBAHI IO BiJHOIICHHIO 10 Um , ¢ ,

K

m

B sokanbHil NpsAMOKyTHill cucteMi koopauHar Bektop H HanmpykeHOCTI TenaoBoro mons BU3HAYAETHCS
uepes Temneparypy U criBBinHomennsm

ﬁ:—gradU=—Qi'—@]—@lz. 17)
OX oy oz
Hpoexuii H, , Hy , H , BEKTOpa H s mi -oMy By31i 3 BpaxyBaHH:sM (13) i (17) oTpUMYFOTH BUTIISA
ouU I -
mei = _E|Xmi’ Ymir Zmi = _UmKr(n)iZ‘ = _Krqu.)U m* (18)
oU S S
HYmi - _E Xnir Ymir Zmi = _UmKr(n)il’)‘ = _Krgw)i/)u m* (19)
ou . S
mi = _E|Xmi’ Yimir Zmi = _UmKr(nzll = _Kr(nzi)Um*x (20)
Je
V4 . -1, . -1, ¢ . -1
Ko =Ko ko K =knlko s Ko =Ktk (2)
V4 -1y V4 -1y, V4 -1y
KO =k k& KW =k k) K& =k k&), (22)

ker) = %b(mi’ Ymi» Zmi = (01,0,0) ;
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=(0,0,10); (23)

mi? ymi’ Zmi

kW :8_IZ|X
mi ay

K@ — %|x =(0,0,00);
mi aZ

mi? ymi’ Zmi

kéﬁ, kr?lg .k K ( ,2 — CTOBIIL, OZIEPKaHi TPAHCTIOHYBAaHHAM PAIKIB (23).

Hdudepenunitoroun supa3 (11) mo BexTopy U m 1BpaxoByrouH (18) — (20), onepxyemo

dF, 1. & d Foo= 10 &GdH, =
**:—J“:—Vm - dH B:—Vm _)mlei:
P90 "4 iz_l:dum l( = ;dum
1 4 dH dHy- dH_
==V, mipg +—=2"B  +—ZUB )= 24
4 .Z;(dum ag. omtag, o) &9
4
— U (RE2B, + KO8y + KB,
4 "G
e Bm| , mei, Bymis B, — BiIIOBiHO BEKTOP IyCTHHM TEIIOBOTO TOTOKY i ioro cknagosi B Mi -omy Bysni,

SKi BU3HAYAIOThCs 3a 3Ha4eHHs MU npoekuiid (18) — (20) BekTopa HampyKE€HOCTI TEIUIOBOTO MOJIS 1 XapaKTepH-
CTHKOIO TETIOMPOBITHOCTI Oe3ricTepe3rucHOro HEMiHIIHOTO CepeOBUINA, M0 BUPAKAETHCS BEKTOPHUM PiBHSIH-
HsIM a00 TphOMa CKaJISIPHUMH PiBHIHHAMHU

B =B[H] (25)
B,=8B,[H,H,,H,]; B, =B/[H,,H, H,] B, =B[H,H, H,]. (26)
Henminiiina cuctema piBHSAHB (10) po3B’A3y€eThCs, SK MPaBUIIO, iTepaiiHuM MeTooM HeioToHa.
Jnst susnauenns Bkiany M -ro CE B cucremy pisasias (10) HeoOXimaHO:
— 3HAHTH BEKTOp (. HA KOXKHili iTeparii 3a Gopmysioro (24);
— 3a TabIMICI0 BiMNOBIMHOCTI JTOKAIBHOI i CITKOBOI Hymeparii BctanoBut HOMepa I BysmiB, siki 36ira-

I0TBCS 3 BY3JIaMH mi,...,m4

— KOXKHUH €JIeMEeHT BEeKTopa (.., sikuii Bigmosinae I -oMy BHYTpilIHBOMY By3ily, BHECTH BiAIOBIZHO B

I -e piBusnms cuctemu (10).

[oBHy cuctemy piBHsHb (10) 01epKUMO, BUKOHABIIM JaHy Tpoleaypy ans Beix M enemenris. Buxnane-
HY MPOLIEAYPY BUKOPUCTOBYEMO Ha eTari (OopMyBaHHs BEKTOpa HeB’si30K. Bkl ckiagHoO omepaiiieto € dpop-

MyBaHHS JUIsl BEKTOPHOT DyHKIIT @, = (q)l,...,goR ). mMatpui SIko6i ¢ po3MipHOCTI R x R . Busegemo BUpa-
3W, sKi OyIyTh BUKOPUCTOBYBATUCH [UIA IIi€] OTIepaIrii.

Judepenmiroroun Bupas (24) 3a BEKTOPOM U m* » OTpUMyeMo Matpuiio @, posmipHOCTi 4 X 4:

dg. . dB dB dB
—rm K(XZc _3<m| K(yl _’yml (Z) mi 2
=90, .le( v ag.. K ag gg) &7
3 BpaxyBaHH;IM (18) — (20), (26) 1(27) maemo
dH,, dH dH
=——V K(X,Z _ _’yml + zm| ()’2 M mi +
Z( mi (/uxxml dUm* /uxyml dUm* :uxzml ) m| ( yxm| dU
dH,.; dH dH ., dH .
ym| mi K (Zl _’yml + ) sz| — 28
lLlyymI dUm* /LlyZmI dU ) mi (/LIZXmI dU ILlZyml dUm* /LIZZmI dUm* )) ( )

_V Z(Krsw):’)*(ﬂxxmllzrg:) + ﬂxymiKr(ny) + /uxzle(Z)) + Kr(n)l,’)* (/uyxmiKrE’l):) + :uyyler(ny) + /uyzle(Z)) +
Kr(nzll(uzxml K(X) + ﬂwml K(y) + Hami K(Z)))
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ne U jkmi ( ], k= X, Y, Z) — CJIEMEHTH TeH30pa Mu(epeHIIaTbHOI TEIIOMPOBIIHOCTI CEPEIOBUINA

0B 0B, 4B,
I T T R O
4B |oB, o8, oB,| | fv M
B29R T\an, an, am, [ | A A @
aBZ aBZ aBZ /tlZX luzy ﬂZZ
H, oH, oH,

oGuncoBaHi B | -omy By3ay M -ro CE.
Jns GesricrepesncHOro cepe/oBUIA Ha OCHOBI Teopemn B3aemuocti [10] fhy = M, , Hy, = Hyy,
/uyz = luzy » TOMY luxymi = luyxmi v Hyami = Hoyxmis :uyzmi = /uzymi .

JJis 130TPOIHOTO HENIHIHHOTO cepeoBUINa TeH30p MU(EPEHITIaTbHOI TEIUIONPOBITHOCTI BH3HAYAETHCS 32
tdopmymoro [11]

M, CO8" 17, + g1 8in’ 7, (pe, — p1,)C0877, €OS7p, (41, — 1,) COS 7, COST,

2 HJ
p=1(u, —p)cosn, cosn, p,C08"n, +u sin"n, (u,—pu)cosn, cosn, ,  (30)
2 =2
(u, —u.)cosn, cosn,  (u,—u,)COSN, COSRY, 1, COS™ 17, + 42, SIN" 7y,
B B . o . .
pi (] ,Llp = m, IIJT = ﬁ — BLANOBIAHO pajiajibHa ,Z[I/Iq)epeHLllaJ'IBHa 1 TaHI'CHI(1aJIbHA TCIJIONPOBIAHICTL CEpe-

JoBHIIA; 77, (| =X,Y, Z) — KYTH MiXX BEKTOPOM H abo g[H_] 1 BIATIOBIAHO OpTaMu i, i, K nokamsHOI me-

KapTOBO'l' CHUCTEMHU KOOpAWHAT.

VY Bunajky JiHIHHOTO i30TPOIHOrO CcepeloBHUIIA L > =M, = ﬁ = I, TOMy TeH30p aupepeHIianbHOl
TEILTOTIPOBITHOCTI HA0YBa€ BUTILTY
u, 00
u=40 p 0. (31)
0 0 4

Inst BusHauenns Bkaany M -ro CE B marpumo Sko6i ¢ , He0OX1THO OOYHCINTH MATPHIIIO ¢m Ha KOXKHII
iteparii 3a gopmynoro (28) i migcyMmyBaTH Bei ii €IeMEHTH 3 BIAMMOBITHUME €JIEMEHTAMH MaTPHIIi ¢ , BpaxoBY-
rouH, mo eneMenT @i Hanexkuts NS -if kniTuni Matpuui @,ne N, S — ciTkoBI HOMEPH By3JIB 3 TOKABHH-
MU HOMEpaMHU mi i mj .

IoBry MatpuIo SIko6i ¢ oxepKUMO, BHKOHABIIM AaHy MPOLEAYPY s kKoxkHoro 3 M ckinyennux ere-

MeHTiB 061acTi pospaxynky D .

IIpy BHUKOpHCTaHHI JlArpaHKEBUX TeTpaeApiB 2-ro, 3-ro i 4-ro NHOpsAAKIB HEOOXiIHO 3acTOCyBaTH
BIAMOBIHI KyOaTypHi (hopMyNu 4YrcenbHOro iHTerpyBanHs [12] i BUBECTH OCHOBHI 3aJIe)KHOCTI 32 BHUILlE HaBe-
JICHOIO0 METO/IUKOIO.

Ha noepxui S o6macti D mosxyts 6yTH 3agani rpasmani ymosu [13] pistoro poxy:

 Ha moBepxHi S a6o ii yacTHHi 3a1aH0 3HauenHs Temnepatypu U (rpanmuni ymosu Jlipixne a6o nepmo-
ro pozny);

e Ha noBepxHi S a6o ii yacTwHi 3a1ani rpanndHi ymoBu Helimana aGo apyroro posy

H =——=0, 32
n an (32)

ne H, — nopmanbna cknamosa Bexkropa H na onunuunmii Berop M 30BHiNIHBOT HOpMa 10 IOBEPXHi S ;
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® Ha moBepxHi S a6o 1i yacTHHI 3a1aHa JiHilHA KOMGiHAITIS TEMIEpPATypH i TEIUIOBOTO TOTOKY (TpaHMYHi
YMOBH TPETHOTO POLIY)

,u%+a(U _U,)=0, (33)

ne o — koedinient terosinnayi; U . — remmneparypa HABKOTHIIHBOTO CEpeIOBUILA;

e Ha noBepxHi S a6o 1i yacTHHi y BUTAAKY 1i ileaTbHOr0 KOHTAKTY 3 iHINOK OGNACTIO 3 TEMIIEPATYPOIO
U, Ha rpaHuLi Ta TEILIONPOBIAHICTIO £/ 33/|aHO PiBHICTH TEMIIEPATYp Ta TEILIOBUX MOTOKIB (IPAHHYHI yMOBHU
YETBEPTOTO POIY)

ouU ouU
U=U1; #E:ﬂl anl. (34)
BucHoBkH

1. ChopMynpoBaHO KpaeBy 3a/ady pO3paxyHKY TPHBHMIPHOTO CTAI[iOHAPHOTO IOTEHIIaJbHOTO TeMIlepa-
TYPHOTO TIOJIS.

2. [ToOynoBaHO CKIHYEHHO-EIEMEHTHY MOJIENb PO3PaXyHKY PO3IOALTY TeMIepaTypy BCEpPEAHHI TPUBHMIp-
HOI 00J1aCTi, 3alI0BHEHOT O€3ricTepe3UCHUMH HETiHIHHUMH aHI30TPOITHUMH CEPEIOBHUILIAMU.

3. 3acToCOBaHO KyOaTypHY (OpMyIly YHCEIBHOTO IHTEIPYBaHHS 3a 00’€MOM JIarpaHKeBOIo TeTpacapa Ha
0a3i IHTepIOoSILiIHHOTO MOBHOTO ITOJITHOMY VIS JIATPaXKEBOT'0 TeTpaeapa MNEPIIOro MOPsIKY.

4. OTpuMaHO cUCTEeMY HENIHIHHMX aireOpaluHUX PIBHAHb 3 YMOBU MiHIMyMy (yHKIiOHaNa, SKy 4acTo
PO3B’SA3YIOTh iTepaniiHiuM MeTozoM HproToHa.

5. 3anporoHOBaHO aITOPUTM BU3HAYCHHA BKJIany BHYTpimHROro CE y BekTop HeB 530K i Marpuio Axo0i
HEINHIAHOT CHCTEMHU PIBHAHb BHKOPHCTOBYIOUH E€IEMEHTH TEH30pa AudepeHIialbHOl TeIUIONPOBITHOCTI cepe-
JIOBHIIA.
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